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The Effects of Habitat Structural Complexity on Bird Species
Richness and Composition
Alison Jane Duff
Department of Ecology, Evolution, and Behavior, University of Minnesota
__________________________________________________________________

Abstract
With the increasing rate of human activities in tropical regions, it is imperative that we understand
the effects of habitat change on biodiversity, and develop appropriate conservation methods. A general
trend of increasing bird species richness with increasing habitat structural complexity has been observed by
a number of ecologists. The purpose of this study was to test whether this relationship holds for cloud
forest bird communities in structurally complex primary forest as compared with simpler secondary forest
dominated by Conostegia oerstediana (Melastomataceae). I predicted a strong positive correlation between
bird species richness and habitat structural complexity, and bird species compositional differences between
plot types. My hypothesis was supported with a statistically non-significant trend of increasing bird species
richness with increasing habitat structural complexity. I did not find significant differences in bird species
composition between primary and secondary forest plots, although I did observe a number of bird species
which were more common in primary forest plots and others which were more common in secondary
forest plots.

Resumen
Con la velocidad creciente de actividades humanas en regiones tropicales es imperativo que
nosotros entendemos los efectos de cambio de hábitat en biodiversidad y nos desarrollamos métodos
apropiados para Conservación. Una tendencia general de creciente números de especies de aves con
creciente complejidad estructural de hábitat había observado por muchas ecologistas. La intención de esta
investigación estuvo probar si esta relación es presente en comunidades de aves en bosque en una
comparación entre bosque primario con hábitat complejo estructural y bosque secundario dominado por
Conostegia oerstediana (Melastomataceae). Pronostiqué una correlación positivo fuerte entre el número de
especies de aves y la complejidad estructural de hábitat, y diferencias en la composición de especies de
aves entre tipos de parcelas. Mi hipótesis estuvo apoyado por una tendencia de creciente números de
especies aves con creciente complejidad estructural de hábitat. No encontré diferencias significantes en
composición de especies de aves entre tipos de parcelas primario y secundario aunque observe algunas
especies de aves que estuvieron más común en parcelas de bosque primario y otras que estuvieron más
común en parcelas de bosque secundario.

Introduction
Bird species richness generally increases with plant species diversity, the number
of layers of habitat vegetation, and the evenness of plant species diversity (MacArthur
1961). Additionally, the number of species per taxon- including birds- tends to increase
from the poles toward the equator, and consequently tropical forests harbor much of the
earth's biodiversity. This increase in species richness may be attributed, at least in part,
to greater structural complexity in tropical regions. Bird communities have been the
subject of numerous studies comparing bird species richness to habitat heterogeneity
because they strongly exhibit the temperate-tropical diversity gradient, are reliably

observed and identified by non-specialists, and quantitative methods for studying them
are well-established (Terborgh 1992). These studies are incredibly important if we are to
understand the processes that maintain biodiversity, especially as we are losing habitat
heterogeneity with human-caused disturbances.
The niche concept has often been applied in studies of bird richness and
composition as a way of understanding what characteristics make a particular habitat
suitable to support numerous, and often morphologically similar, species (Terborgh
1992). A niche is defined as the range of physical and biological conditions that must be
met to permit a species' existence. If two morphologically similar bird species are to
coexist within the same habitat, they must be able to partition the available resources, and
occupy different niches (Terborgh 1992). The more structurally complex the vegetation
of a habitat, the greater the number of bird niches the habitat is able to accommodate by
allowing the birds to find food and shelter in more diversified ways. This structural
complexity might, in part, provide an explanation for why tropical systems have been
shown to contain considerably higher species diversity than their temperate counterparts.
Tropical forests are generally taller than temperate forests, contain a higher diversity of
plant species, and have a higher number of plant growth forms, all of which contribute to
increased structural complexity (Terborgh 1992). It has been suggested that habitat
structure is more influential in determining species diversity than productivity, although
these two factors are often correlated. Further, many ecologists agree that much of the
high diversity of the tropics can be attributed to the greater variety of ecological roles
(Ricklefs 1990).
MacArthur (1958) observed that five species of morphologically similar warblers
coexisted in relatively homogenous mature boreal forests. These observations seemed to
contradict the Competitive Exclusion Principle (Begon et al. 1990), the theory that
competition between similar species results in the local extinction of all but one of the
species. Yet upon further investigation, MacArthur found that the coexistence of the five
species resulted from niche partitioning: the birds were feeding in separate areas of the
trees and at different times, they were searching for food in varying ways so as to find
contrasting prey, and the birds were preying on distinct types and sizes of food items
within their habitat (MacArthur 1958). Thus, even in relatively homogenous habitat,
similar species can find ways to coexist through niche specialization. In areas as
structurally diverse as the tropics, the possibilities for niche partitioning are many times
greater because they provide the setting for finer specialization (Terborgh 1992).
Latham (1998) found a positive correlation between successional stage of forest
habitat and bird species diversity in Monteverde forests. This was attributed to the
general trend of forests to increase in biomass and foliage density as succession proceeds,
increasing the available niche space and thus the number of requirements that could be
met for an increased number of bird species. Habitat heterogeneity, canopy height, and
plant life form variety were found to have the largest effects on bird diversity.
As we begin to understand the importance of structural complexity to bird species
richness and composition, the effects of disturbance in the tropics due to human activities
can be seen as an even more serious problem. Tropical forests provide habitat not only to
native bird species, but also too many Neotropical migrants, any of which may suffer
dramatic population losses due to large-scale changes in habitat structure. Habitat loss is
often seen as a serious problem due to the loss of critical microhabitats, because a small
piece of a complex forest is unlikely to represent the same range of habitat heterogeneity
as an intact forest (DeGraaf 1995). Yet many people do not realize the effects of habitat
change at a smaller scale on the populations of plants and animals that live there; a

regenerating forest often will not contain the same structural diversity and species
richness of a pristine primary forest. These changes may result in the inability of the
previous number of species to occupy the same habitat due to a decrease in the amount of
resources available, or unfavorable changes in microclimate. Further, some species
associated with primary forest may not be able to compete in secondary forest for these
limited resources, and thus the loss of structurally complex primary habitat may mean the
loss of these species. Many tropical bird species are relatively rare, and the inability of
these species to use altered habitats make them extremely vulnerable to deforestation and
other land use. Successful conservation efforts require knowledge of the causes and the
extent of population variation of species, as well as which species are likely to be at risk
after habitat alteration (Loiselle and Blake 1992).
For this study, I examined bird communities in cloud forests of Monteverde and
Santa Elena, in Puntarenas, Costa Rica. The vegetation of the Monteverde area includes
an overwhelming abundance of mosses, epiphytes, and tree trunk climbers, and
Monteverde has very high regional plant diversity within a relatively small area.
Additionally, Monteverde straddles the Continental Divide, and due to the effects of the
northeast trade winds, forest structure varies significantly. Where the forest is exposed to
high winds, the trees are reduced in height, the canopy is broken, and the forest contains
greater epiphyte loads. Where the forest is unaffected by winds, epiphytes and mosses
are less abundant, the trees are taller, the canopy is closed, and the understory is more
open (Haber 1991). These factors contribute to the incredible structural complexity of
the region.
The avifauna of the Monteverde Cloud Forest and the surrounding forest includes
both dry and wet forest native species, and North American migrants (Young and
MacDonald 2000). Avian species diversity varies with elevation, with a general trend of
decreasing species diversity as elevation increases, although the highest elevation forest
of the region, lower montane rain forest, has the highest proportion of unique species.
Elevational migration occurs between habitats, and may vary with the availability of food
resources (Blake and Loiselle 2000).
I compared bird species richness in two structurally different habitats, primary
forest with high structural complexity and secondary forest dominated by Conostegia
oerstediana, to gain a better understanding of the relationship between habitat structural
complexity and bird species richness, and the importance of primary forest for the
preservation of the earth's biodiversity. I hypothesized that there would be a strong
positive correlation between bird species richness and habitat structural complexity, due
to the increased food supply and increased number of foraging techniques possible in
more complex habitats. I also predicted that bird species composition would differ more
between primary and secondary plots within sites than between the same plot type in
different sites (e.g. primary to primary).

Methods
The study area is located in Monteverde and Santa Elena, Puntarenas, Costa Rica,
in lower montane wet forest, lower montane rain forest, and premontane rain forest.
There are four study sites, which are at altitudes between 1,435 and 1,635 m. Site A (at
the Biological Station) is located between 1,540-1,575 m, Site B (behind the Creative
Learning Center) is located between 1,480-1,500 m, Site C (at the Monteverde Cloud
Forest Preserve) is located between 1,435-1,490 m, and Site D (at the Santa Elena
Reserve) is located between 1,615-1,635 m. Within each site I selected two 10 m x 10 m

test plots, one in primary forest, the other in secondary forest composed of at least 75%
Conostegia oerstediana. I looked for plots within sites based on habitat structural
complexity, and chose primary forest plots that were more complex than secondary forest
plots dominated by Conostegia oerstediana. The two plots within each site have altitudes
differing less than 60 m.
Methodology—I made all of my observations between October 24 and November
15, 2001 during the hours of 06:00 -10:15 AM for censusing bird species richness and in
the late morning for recording plant structural complexity. I spent two mornings at Sites
1,2, and 3; the first morning at each site I censused birds from 06:00 - 08:00 AM in the
primary forest plot, then censused birds in the secondary plot from 08:15-10:15 AM.
The second morning I first censused in the secondary plot, followed by the primary
forest plot. Due to time constraints, I spent one morning in Site 4, and censused birds in
the primary forest plot from 06:00 - 07:00 AM and 09:00 -10:00 AM, and censused
birds from 07:00 -09:00 AM in the secondary plot.
To census bird species richness, I sat in the center of each plot and recorded all
bird species seen in the plot or heard from the plot, and wrote detailed descriptions of
unknown birds or bird songs and calls for later identification. To aid in identification, I
used the Fogden Bird List (Fogden 1993), A Guide to the Birds of Costa Rica (Stiles and
Skutch 1989), Indicator Birds of the Costa Rican Cloud Forest (Ross et al. 1997), and
Voices of Costa Rican Birds (Ross and Whitney 1995).
To determine habitat structural complexity, I divided plant life forms into thirteen
categories: trees with a dbh < 3 cm, trees with a dbh between 3-10 cm, trees with a dbh
between 10-20 cm, trees with a dbh between 20-30 cm, trees with a dbh > 30 cm,
seedlings less than 0.5 m in height, epiphytes, vines, lianas, ferns, herbaceous plants,
grasses, and mosses. Moss was record as present or absent in each of the other
categories, and herbaceous plants were estimated as percent cover in the understory. All
other growth forms were counted using a tally system, with each individual counted, and
grass clumps less than 10 cm in diameter were counted as one individual.
I calculated Shannon-Weiner diversity indices of the habitat structural complexity
of each of my eight plots and used a Spearman Rank Correlation to compare the
relationship between bird species richness and structural complexity. I also calculated
Sorenson qualitative indices of similarity to compare the bird composition of primary
plots to secondary plots. I then used a Mann-Whitney U Test to determine whether there
was a difference in average Sorenson indices as computed for all possible pair-wise
comparisons. These comparisons were: primary plot bird composition to other primary
plot bird composition, primary plot bird composition to secondary plot bird composition,
and secondary plot bird composition to secondary plot bird composition.

Results
Bird species richness and Shannon-Weiner Diversity Indices for habitat structural
complexity are listed in Table 1. After running a Spearman Rank Correlation I found a
nearly significant positive correlation between bird species richness and habitat structural
complexity, although my results were not statistically significant (p = 0.683, p = 0.07;
Figure 1). I observed that plot types differed in the number of plant growth forms present,
with primary forest plots having more growth forms than secondary forest plots (Table
2).

Table 1. Bird species richness and Shannon-Weiner diversity indices for habitat structural
complexity in four study sites in Monteverde and Santa Elena, Costa Rica.
Site

Plot Type

A
A
B
B
C
C
D
D

Primary
Secondary
Primary
Secondary
Primary
Secondary
Primary
Secondary

Plant Structural
Diversity (H’)
1.28
1.49
1.35
0.42
1.70
1.31
1.28
0.97

Bird Species Diversity
(S)
32
25
18
15
24
10
13
13

Table 2. Plant growth forms present in plots at four sites in Monteverde and Santa Elena, Costa
Rica. A = Site at the Biological Station, B = Site behind the Creative Learning Center, C = Site
at the Monteverde Cloud Forest Preserve, and D = Site at the Santa Elena Reserve, 1 = Primary
plot, 2 = Secondary plot.

dbh>30cm
dbh 20-30cm
dbh 10-20cm
dbh 3-10cm
dbh < 3cm
seedlings < 0.5m
epiphytes
vines
lianas
ferns
herb plants
grasses
mosses
Total

A
1
x
x
x
x
x
x
x
x
x
x
x

A
2

x
x
x
x

B
1
x
x
x
x
x
x
x
x
x
x
x

x
12

x
10

x
12

x
x
x
x
x

B
2
x
x
x
x
x
x
x
x
x
x
10

C
1
x
x
x
x
x
x
x
x
x
x

C
2
x
x
x
x
x
x
x

x
11

x
10

x
x

D
1
x
x
x
x
x
x
x
x
x
x
x
x
12

D
2
x
x
x
x
x
x
x
x
x
x
X
11

Mann-Whitney U tests showed no significant differences in average Sorenson Similarity
Indices between bird species composition in plot types (Tables 3a-c). My first test
compared bird species composition between primary plot pairs and primary-secondary
plot pairs (U’ = 15.5, N = 12, p = 0.45), and my next test compared bird species
composition of secondary plot pairs to primary-secondary plot pairs (U’ = 25.0, N = 12, p
= 0.26). Bird species recorded during the study are listed in Appendix 1.
Tables 3a-c. Sorenson’s similarity indices for bird species richness between primary and
secondary plot types in Sites A-D. 1 = primary forest plot, 2 = secondary forest plot.
a. Sorenson similarity indices for primary to primary forest plots.

A1
B1
C1
D1

A1
x
x
x
x

B1
0.44
x
x
x

C1
0.36
0.24
x
x

D1
0.27
0.26
0.43
x

b. Sorenson similarity indices for primary to secondary forest plots.

A1
B1
C1
D1

A2
0.46
0.33
0.52
0.32

B2
0.60
0.36
0.46
0.36

C2
0.33
0.21
0.29
0.26

D2
0.36
0.32
0.32
0.46

c. Sorenson similarity indices for secondary to secondary forest plots.
A2
B2
C2
A2
x
0.55
0.34
B2
x
x
0.40
C2
x
x
x
D2
x
x
x

D2
0.37
0.57
0.26
x

Discussion
My hypothesis that bird species richness would be positively correlated with
habitat structural complexity was supported with a statistically non-significant trend of
increasing habitat structural complexity. Terborgh (1992) observed that tropical forests
generally contain a higher diversity of plants, are taller than temperate forests, and are
richer in plant growth forms like lianas, palms, and epiphytes. Together, these
components provide a more structurally complex habitat for bird species, and thus a
greater variety of avian niches. It would seem that with increasing habitat structural
complexity, the possibilities for diversifying these niches are unlimited. Yet, although
there is a clear relationship between bird species richness and habitat structural
complexity, it is not the only factor determining the number of bird species found in a
particular habitat. Additional factors such as productivity and climatic conditions also
affect bird species richness. These effects of these factors may be a partial explanation of
why I did not find a significant relationship between bird species richness and habitat
structural complexity. Another explanation may be the small sample size of my study. An
increase in the number of study sites or the number of days of data collection might yield
significant results for this trend. Further, my study was not exhaustive, as on the last day
of data collection I recorded two new species, and in each study site additional species
were observed or heard shortly after I had finished collecting data.
I did not find a significant difference in bird species composition between primary
and secondary forest plots, but instead primary and secondary plots in the same site were
more similar to each other than to other plots of the same stage of succession, despite my
observations that primary forest plots were more structurally complex than secondary
forest plots. My results may again be explained by differences between sites that I did not
include in my study. For example, even slight differences in rainfall or temperature
between sites may be a factor in determining plant composition, and thus bird
composition. The composition of bird communities and the abundance of many species
are closely tied to the structure and plant species composition of the habitat; changes in
plant communities are accompanied by changes in associated bird communities (Loiselle
and Blake 1992). Even the slight differences in elevation between sites may have
contributed to differences in microclimate, and thus differences in species. Blake and
Loiselle (2000) found that species diversity and community composition of birds change
rapidly along elevational gradients in Costa Rica, illustrating the sensitivity of diversity
to changing environmental conditions, and the importance of protecting continuous
gradients of forest.
Another possible reason for greater compositional differences between plots than
between sites could be tied to my methods of observation. As my familiarity with certain
birds within a site increased, these individuals may have been more likely to draw my

attention and be recorded. Kavanagh and Fecher (1983) studied the effects of observer
variability on bird censuses, and found that differences in observer behavior traits and
search patterns considerably affected census results. The number of birds recorded was a
function of the number of birds in an area and the probability that each bird would be
recorded, which was also influenced by bird behavior. Birds that are more secretive and
prefer older primary forests are often difficult to observe, and thus the probability they
will be recorded is much less than birds that are very active in the lower canopy, close to
the observer’s eye level.
Primary forest and secondary forest should not be considered interchangeable
habitat for bird species, with bird species unaffected by the differences in these two forest
types. The processes that affect bird populations, such as cycles of food availability,
changes in microclimate, and ability of the plant community to withstand disturbance,
vary among forest habitats of different ages. In secondary forest, changes in bird species are
a result of changes in plant species over time as the forest is regenerated, and the habitat
becomes more suitable for different bird species (Loiselle and Blake 1992). In my study, I
found some bird species were more common in primary forest than secondary forest, and
vice versa. For example, I observed the Barred Forest Falcon only in the primary forest
plots, while the Yellowish Flycatcher was more common in secondary forest plots
(Appendix 1).
The importance of preserving multiple habitat types, and transitional zones between
them, becomes increasingly important when we consider habitat types as sources for
different bird communities. For example, if we allow all primary forest to be cut with the
assurance that it will regenerate in the future, where will the bird species that require
primary forest habitats go in the meantime? We cannot assume that these species will
adapt, and find other habitats in which to live, especially if other species are better
competitors in more disturbed habitats. Further, the loss of bird species that disperse seeds
and pollinate plants will likely result in the loss of dependent plants and further declines in
populations of birds, plants, and other organisms (Loiselle and Blake 1992). Thus, the loss
of these bird species may mean the inability of the forest to regenerate, and the subsequent
loss of countless species.
The effects of habitat loss in tropical forests will also affect bird communities in
temperate regions, as many northern bird species migrate to the tropics. Terborgh (1989)
found that in lowland Amazonia disturbed habitats supported fewer migrant species than
undisturbed primary vegetation. He also found that bird studies in the area were often
inaccurate, as the decreased structural complexity of disturbed habitat made censusing
easier, and thus studies showed comparable diversity between disturbed and undisturbed
habitat. Upon further investigation, disturbed habitats were found to have similar bird
densities to pristine habitat, but lower species richness and compositional differences.
Whether migratory species can shift migration routes and in what time scales will ultimately
determine the effect of habitat loss on migratory species; some populations may decrease in
size to a point where they lack the genetic variability necessary for a change in migratory
strategy (Dolman and Sutherland 1994).
As with many biological processes, changes in biodiversity that accompany
changes in habitat structural complexity are difficult to understand, and may be too
complex for scientists to ever be able to explain completely. Yet with each study, we
come a step closer to developing hypotheses and theories that will aid in our knowledge
of the environment, and what steps must be taken to protect it. Our most important

mission as scientists may not be to answer every question about the world around us, but
rather to draw attention to the connections between human activities and environmental
change, and give people reasons to care about these changes, and their effects on
biodiversity. Only then will we be able to save the incredible diversity of life around us,
and the intricate patterns and processes that support it.
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Order
Falconiformes
Galliformes
Columbiformes

Cuculiformes
Apodiformes

Trogoniformes

Piciformes

Passeriformes

Family and Species
Falconidae
Micrastur ruficollis
Cracidae
Chamapetes unicolor
Columbidae
Geotrygon costaricensis
Columba subvinacea
Cuculidae
Piaya cayana
Trochilidae
Campylopterus hemileucerus
Phaethornis guy
Panterpe insignis
Lapornis calolaema
Trogonidae
Pharomacrus mocinno
Trogon aurantiiventris
Capitonidae
Semornis frantzii
Rhamphastidae
Aulacorhynchus prasinus
Dendrocolaptidae
Xiphorynchus erythropygius
Furnariidae
Cranioleuca erythrops
Pseudocolaptes lawrencii
Premnoplex brunnescens
Sclerurus albigularis
Syndactyla subalaris
Thripadectes rufobrunneus
Margaromis rubiginosus
Scerurus mexicanus
Parulidae
Basileuterus tristriatus
Myioborus torquatus
Myioborus miniatus
Zeledonia coronate
Dendroica virens
Thraupidae
Chlorospingus pileatus
Chlorophonia callophrys
Euphonia hirundinacea
Chlorospingus ophthalmicus
Emberizidae
Atlapetes brunneinucha
Lysunus crassirostris
Formicariidae
Grallaria guatimalensis
Dysithamnus mentalis
Rhinocryptidae
Scytalopus argentifrons
Tityridae
Tityra semifasciata
Pachyramphus versicolor
Cotingidae

Common Name

A1

Barred Forest Falcon

x

A2

B1

B2

x

Black Guan

x

Buff-fronted Quail-Dove
Ruddy Pigeon

x

D1

D2

x

x

x

x

x
x
x

x

x

x
x

x

x

x

Resplendent Quetzal
Orange-bellied Trogon

x
x

Prong-billed Barbet

x

Emerald Toucanet

x

Spotted Woodcreeper

x

x

x
x
x
x
x
x
x

Three-striped Warbler
Collared Redstart
Slate-throated Redstart
Zeledonia
Black-throated Green Warbler

x
x

Sooty-capped Bush-Tanager
Golden-browed Chlorophonia
Yellow-throated Euphonia
Common Bush-Tanager

x
x
x

x
x

x

Red-faced Spinetail
Buffy Tuftedcheek
Spotted Barbtail
Gray-throated Leaftosser
Lineated Foliage-gleaner
Streaked-breasted Treehunter
Ruddy Treerunner
Tawny-throated Leaftosser

X
x
x

x

x
x

x
x

x

x

x

x
x
x

x
x
x

x
x

x

X

X
X
x

X
x

x
x

x

x
x

x

x

x

x
x

x
x

Chestnut-capped Brush-Finch
Sooty-faced Finch

x

Scaled Antpitta
Plain Antvireo

x

Silvery-fronted Tapaculo

x

Masked Tityra
Barred Becard

C2

x

Squirrel Cuckoo
Violet Sabrewing
Green Hermit
Fiery-throated hummingbird
Purple-throated Mountain-gem

C1

x
x
x

x
x

x
x

x
x

Procnias tricarunculata
Tyrannidae
Rhytipterna holerythra
Zimmerius vilissimus
Empidonax flavescens
Empidonax atriceps
Mionectes oleaginous
Myiodynastes hemichrysus
Myiozeteles similus
Platyrinchus mystaceus
Attila spadiceus
Corvidae
Cyanolyca cucullata
Troglodytidae
Troglodytes ochraceus
Henicorhina leucophrys
Henicorhina leucostica
Thryothorus modestus
Turdidae
Myadestes melanops
Catharus fuscater
Turdus plebejus
Catharus mexicanus
Vireonidae
Vireo leucophrys

Three-wattled Bellbird

x

Rufous Mourner
Mistletoe Tyrannulet
Yellowish Flycatcher
Black-capped Flycatcher
Ochre-bellied Flycatcher
Golden-bellied Flycatcher
Social Flycatcher
White-throated Spadebill
Bright-rumped Attila

x
x
x
x
x

Azure-hooded Jay

x

Ochraceous Wren
Gray-breasted Wood-Wren
White-breasted Wood-Wren
Plain Wren

x
x
x
x

Black-faced Solitaire
Slaty-backed Nightingale-Thrush
Mountain Robin
Black-headed Nightingale Thrush

x
x
x

Brown-capped Vireo

x

x
x

x

x

x

x

x

x

x

x

x
x

x

x
x

x

x

x

x
x
x

x

x
x
x

x
x

x

x

x
x
x

x

x
x
x

x
x

x

x
x

x
x

x

x

